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MILITARY SKILLS IN A CHANGING TLCHNOLOGY

Paul M. Fitts
The University of Michigan

This paber éftempts to identify some of the significant
implications of recent téchnological changes for military skills.
Two of the major tochnological changes that will be considered
are (a) the great increése in‘firepower resulting from the deveiop—
ment of atomic weapons, and (b) the great increase in complexity
of military equipmenﬁ resulting from extensive use of electronic
devices such as radars and computers. | R |

It is important for the military psychdlogist tobidehtify
the chénges in military skills which will be brought about by
technological advances. First,,selcctibnnéndItraining procedures
must be kepf up~to-date, and research on selection and training
often néeds to anticipate the actual technological.change.

Second, it often is possible to influenco'ﬁhe direction and rate
of technological change, for the purposc of achicving more
: effécfi#o overall man-machin: systcms and bf minimiging undesirable

" conscquences of technologica’ change on men in service.

§g;ffslin Activities and Duties
The effects of tééhnological change can be considered at
a gross 1eve1,‘in terms Of shiftS'in the total numbers of men |
assigned to broad_dlasses of duties.. ~ Buch effects will be
considered first, before a mdre detailed analysis of the naturelv

of changes in certain specific skills is attempted.
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Maintenance, Supply and Logistic Duties

In reccont ycars the military services are having to
éSsign a larger propoftion of men to duties relating to the
_t¢sting, maihtenanco, and supply of machines end wcapon systems.
Cost of maintenance, over thé lifc of a system, may be several
%imes greater ﬁhan the initial cost of the system. Similarly,
the value of sparc parts carried in ihventory mey exceed tho
‘§?iginal cost of the machines which use the spare parts.

Thus an‘increasing proportion of men in scrvice find
themselves ihvolved in the logistic operations relating to the

maintconance of machines and electronic systems,

Communication and Data-Proccessing Dutlos

It is gencrally thought that future mllltary tqctlcs
IWiilvrCQulre much greater dlsper<1on and moblllty of tactlcal
units*and'Weqnons. Troops will move qulckly from one area to
ﬁnothor and thce different unlts cf a command may be w1dely
scattered over a large geographic area. These changes in tac-
 %ics'mi114undoubted1y place much greater importance on ébmmunica-
tlon activitics of all klnds. o

. Closcly relaﬁed to thesz tactical changes is the
iﬁcrea31ng demand for tho rapid pfoce551ng of large amounts of
dqta gathgrcd by recdnnaissande systems and of data regarding
the activities of friendly troops. Thus to the communication
p?pblem isvadded tho‘data‘processing problemn, Smallmquupg of

men at isolated command posts, at missile sitcs, in submarines or



~5H= UNCLASSIFIED
. - DP(00)2L4

in aircraft, or in small pO(kets in a fluld battlefield may have
to communlcate w1th many otlur unlts qnd kecp track of large

amounts of 1nformatlon.

- Command and Dec: sion-Making fctivities

» AS ‘a further outgrowth of the changecs in weapons and
. ‘tactics described abovc, it is likcly that the future will see
the‘fransfér'of greater resyonsibility for important decision-
making functions to smaller uhits and to 1ower echelons of

- command . In many cqses therc will not be sufflclont timc for
tho relaying of command dccisions, or for the rolqylng of the
information upon which command decisions arc bascd. These
decisions will have to be made within the smallér autonomous
~units whore the information is availablc. By "smaller
-»autohomous units® I.rofor again to.aircraft créws, the crews
manning remote. radar stations, or drews‘of-remoto missiie sitcs.
This placing of greater decisionFmaking rcecsponsibility at lower
echelons may not bec desirable for other reasons; however, it'is

one of the trends of grcat importance for military skills.

Changing Skill Reguircments

7Thre¢ changoes in skill requircments hﬁva been selecﬁéd
for émphqsis’in this paper. These cover changes in (a) informa-
tlon—pr000881ng skllls, (b) skills 1nvolved in monitoring and
communlcatlng Wlth machines, and (c) skills: 1nvolved in managomcnt

and cornmand d001s1on—mak1ng.
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Information-Processing Skills

| Under this topic will bo considercd human activities
which psychologists usually rcfcr to as pgrceptual and motor
skills. I usc a slightly different tcerm, "information-process-
ing", for purposes of comphasis. Onc of the most widcly
recogniscd changcs in military skills has becen a decrcasc in
cmphasis on motor skill, per se, and an incrcase in the cmphasis
on a variety of pcrceptual skiils,'especially those involving
répid processing of large amounts of information.

On the onc hand, tasks such as control of aircraft arc
decroasing in importance as new systems such as missiles comec into
use.  On the other hand, many of the perceptunl tasks required of
soldiers in previous years, such as interpretiné;rédar and sonar

returns, and rcading maps, continue to be important.  And new

perceptunl tasks are added, such as thosc required to tost,

monitor, and control new-type machincs.

Consequently there is continuing necd for rescarch on
pcrceptual'pfoblems. Interest in' this topic in the Unitcd States
is shown by two symposia sponsorcd in recent years by thce National
Research Council. Onec of thecse symposia was devoted to problems

of "Pattern Recognition and the other to problems of "Visual Search

Téchniquos“ (conference rcports are available from the Nﬁtiﬁnal
RéSearch Council, Washington, D.C.).

| Psychological problems relating to the discovery of new
Ways of displajing information to man's ecycs, cars and other senses

is a closcly related topic (in the area of engineering psychology).
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New problems are being encountered hcrc, and new tasks, which will

wrequire new perccptual skills, are being created at an increasing

rate.

Onc of the newest, aﬁd in the present author's vicw,
possibly the most promising théorctioal approachcs tc thce study
of perceptual skills is by wéy of information theory. A typical
question is that of man's ability t0 process and rcelate informa-
tion as a function of thé way ih which the information (input and
output signals, stimuli and responses) is encodcd. . (See the
present author's workﬂqn stimulus—response cdmpatibility effects., )
Othgr papérs tolbé given at this confercnce will déal With human

information handling so I shall not discuss it further.

Skills Rcguircd to Monitor and Direct Machincs

Despite the technological progress in designing cbmplex
maChinos;'men arc gtill required to monitor or test machine
systems, and to corrcct malfunctions, However in order to per-
form such tasks mon must develop special procedures and acquire
the skills necded in toéting,vmonitoring and fault location.,

Many of the skills reqﬁired in previous ycars, such as in repair-
ing electronic oquipmonfgvaro still important., In addition,
soldiers may now be reqhired to program and recpailr computers, to
test automatic guidance syStems, and to work intimately with
other complex systems. |

Thus, in historical pcrspeétivo, the cvolution of
military Weapohs has progressed throqgh_succoséive stages in Which -

the soldicr (a) relied chicfly on hand=~held or manually aimed and
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operated weapons (rifles, hand grenades, artillery), then (b)
operated tanks, aircraft, torpedo boats, and other self-propelled
Weapons,'until now (¢) he instructs automata, such as missiles and
automatic data-processing systems. The skill levels required to
instruct and maintain these newest systems are not less than those
requifed in using hand-held weapons. But they often place greater
- emphasis bn perceptual and intellectual skills, or on the rate of
information input9 and less emphasis onCosordination or rate of

information‘output.

Decision-Making, Command, and Management Skills

As the complexity of military.drganizations increases,
as mobility and dispéréion increases, as firepower increases, as
the concept of total war involving the civiliaﬁ economy as well as
military forces is accepted, and as the pacevof technological
ohaﬁge increases, many profound changes occur in the decision-
making skills required at all echelons of the military organization,

| Thé individual soldier, or the small group of men manning
a rémote‘weapon or radar sité, will be required to make important
decisions without fime to walt for detailed instructions. In
many respects they will be in a position similar to‘that of the
scout or the cévalry patrol of a hundred years ago.

The military officer is increasingly becoming a manager
of technological change., As such, he needs to know a great deal
about topics far removed from operational doctrine. He needs to
understand modern technology, production, and electronics., He

also needs a great many human-relation skills in order to handle
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the human aspects of technological change. Military officers
find themselves increasingly ihvolved in relations with civilians,
as many former oivilian;military distinctibns Eecome less clear.
Tn the United States the importance of decision-making
skills has been reoognized in several areas of psychologica1 
research. There is much‘work in the formal aspects of deciéion—
making in both static and dynamic tasks. fork is also under
way on the skills required to manage technological change, and
on problems of the information required or used for command
decision, and on how such information can best be displayed (in

control rooms, etc.).

Technology and Simulation

Any discussion of the implications of -technological
change for research in military psychology would not be complete
without reference td the technology of military system simulation
for research and test purposes,

Var gaming is one form of simulation. 'Iﬁ is at least
as old as the game of chess, and as athletic contests involving
track,and field events. Many of the topics discussed in.this
paper_requirg for their study the simulation of-systems and of
operatignal problems, a modern form of war gaming.

:Eortunately, forvthese research purposes, the science
of system simu1aﬁion has also been growing. A fow examples of

recent researchiin the United States using.advanced simulation

techniques may be of interest.
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Best known of the more complex system simulators are
those used to represcnt new type‘eircraft and other vehicles,
.These simulators have been used sucoessfully for many years in
training, but are becoming even more widely used with the advent
of jet alrcraft and manned space vehicles. Similar devices are
8ls0 being used increasingly to study human-factor problems in
the design of advanced vehicles, such as instrumentation, control,

and stability‘problems. | |

- An important recent dovelOpment in dynamic syetem simula~
tion is the adaptation of one of the United States Navy human
Zcentrifuges so that the G~forces which a man experiences in the
girmulator are determined by his own responses in controlling a
simulated wvehicle,-

Another illustration is a simulator which was used by the
preuent author end scveral former colleagues (at Ohio State
‘University) in studies of human cnginecring problems of air
traffic control. N

Complex simulators are now being used 1o study'command
and staff functions and to train officers in command functions.

One such simulator, developed at the United States Naval Elec-
tronics Laboratory, is now in use at the Naval War Goilege;

Another advanced application of system simulation tech-
nigues is incorporated in the System Training Program‘(developed
by the System Development Corporation of Santa Monioe, California).,
This training program is used throughout North America in train-
ing the crews which man the air defense systems and the military

staffs that command the air defenses.,

~10-
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Simulation offers the best means through which the
military psychologist canbkeep ahead of technological change,

study problems in advance of their appearance in the field, and

thus exert'greater influence in shaping the military systems of

the future.
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